We report the result of a search for scalar leptons in e e collisions at 189 GeV centre-of-mass energy at LEP. No evidence for such particles is found in a data sample of 176 pb 1 2 3 4 5 6 7 8 . Improved upper limits are set on the production cross sections for these new particles. New exclusion contours in the parameter space of the Minimal Supersymmetric Standard Model are derived, as well as new lower limits on the masses of these supersymmetric particles. Under the assumptions of common gaugino and scalar masses at the GUT scale, we set an absolute lower limit on the mass of the lightest scalar electron of 65.5 GeV.
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Introduction
One of the main goals of the LEP experiments is to search for new particles predicted by theories beyond the Standard Model. In this letter we report on searches for unstable scalar leptons. These parti cles are predicted by supersymmetric theories (SUSY) [1] , In SUSY theories with minimal particle content (MSSM) [2] , in addition to the ordinary particles, there is a supersymmetric spectrum of par ticles with spins which differ by one half with respect to their Standard Model partners.
Scalar leptons (// and /¿O are the supersym metric partners of the right-and left-handed leptons. Pair production takes place through s-channcl y/Z exchange. For scalar electrons the production cross section is enhanced by /-channel exchange of a neutralino.
Short-lived supersymmetric particles are expected in R-parity conserving SUSY models. The R-parity is a quantum number which distinguishes ordinary particles from supersymmetric particles. If R-parity is conserved supersymmetric particles are pair-pro duced and the lightest supersymmetric particle, the lightest neutralino x°, is stable. The neutralino is weakly-interacting and escapes detection. In this let ter we assume R-parity conservation, which implies that the decay chain of supersymmetric particles always contains, besides standard particles, two in visible neutralinos causing the missing energy signa ture.
The scalarJcpton decays into its partner lepton mainly via Z±^x?Z±, but also via the cascade decay, such as / ± -> X X?Z * / ±, which may dominate in some regions of the parameter space of the MSSM.
Previous limits on scalar leptons have been ob tained at lower energies by L3 [3] [4] [5] and other LEP experiments [6] [7] and at energies up to 183 GeV [3] [4] [5] ,
Data sample and simulation
We present the analysis of data collected with the L3 detector [8] in 1998, corresponding to an inte grated luminosity of 176.3 pb 1 at an average centre-of-mass energy, Js, of 188. 6 GeV, denoted here after as /s = 189 GeV.
Standard Model reactions are simulated with the following Monte Carlo generators: PYTHIA [9] for ccqq, ccZee and ccy/Zy/Z; EXCALIBUR [10] for C C W c r: KORALZ [11] for c c /jl /jl and c c t+ t BHWIDE [12] for c c ^c c : KORALW [13] for c c W W ; two-photon interaction processes have been simulated using DIAG36 [14] (c c cc// ) and PHO JET [15] (c c cc hadrons), requiring at least 3 GeV for the invariant mass of the two-photon system. The number of simulated events for each background process is equivalent to more than 100 times the statistics of the collected data sample ex cept for two-photon interactions for which it is more than two times the data statistics.
Signal events are generated with the Monte Carlo program SUSYGEN [16] , for masses of SUSY parti cles (Msusy) ranging from 45 GeV up to the kine matic limit, and for AM values (AM = MSUSYM~o) between 3 GeV and MSUSY -1 GeV.
The detector response is simuted using the GEANT package [17] The cut values of each selection are a priori optimised using Monte Carlo signal and background events. The optimisation procedure varies all cuts simultaneously to maximise the signal efficiency and the background rejection. In fact, we minimise the average limit (« '), for infinite number of experi ments, assuming only background contribution. This is expressed mathematically by the following for mula:
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where k(b)" is the 95% confidence level Bayesian upper limit, P(b,n') is the Poisson distribution for n events with an expected background of b events, and e is the signal efficiency.
Event selection
Lepton and photon identification, and isolation criteria in hadronic events are unchanged compared to our previous analysis at /s = 183 GeV [4] . The Durham algorithm [19] is used for the clustering of hadronic jets.
Events are first selected by requiring at least 3 GeV of visible energy and 3 GeV of transverse momentum. Beam-gas events are rejected by requir ing the visible energy in a cone of 30° around the beam pipe to be less than 90% of the total, and the missing momentum vector to be at least 10° away from the beam pipe. Tagged two-photon interactions are rejected by requiring the sum of the energies measured in the lead-scintillator ring calorimeter and in the luminosity monitors [8] to be less than 10 GeV. These two detectors cover the polar angle range 1.5° < 0 < 9° on both sides of the interaction point.
Given the low multiplicity of the signal, events are rejected if the number of tracks is larger than 6 or if the number of calorimetric clusters (Nci) is larger than 15. We then require two or three identi fied leptons and photons. The following quantities are defined: the energy depositions (£2s and E25) within ±25° around the missing energy direction in the /?-</> plane or in space respectively, and the energy deposition in a 60° half opening angle cone around the vector opposite to the sum of the two jet directions in space (e£q\ We also apply cuts on the lepton energy (£lep), on the total transverse momen tum of the leptons (p±), on their maximum acollinearity and acoplanarity, on the polar angle of the missing energy vector (0miss) and on the variable Ettl. The latter is defined as the absolute value of the projection of the total momentum of the two highest energy leptons onto the direction perpendicu lar to the leptonic thrust computed in the R-<1> plane.
The scalar taus are selected as low multiplicity events with acoplanar jets. Upper cuts on the jet width y ± , defined as the ratio between the sum of particle momenta transverse to the jet direction and the jet energy, are also applied. Distributions of the normalised transverse missing momentum p±/£vis are shown in Fig. 1 for data, signal and background Monte Carlo events, at the preselection level.
The cut values optimised at Js = 189 GeV for the scalar lepton searches are quoted in Table 1 for the different AM ranges.
The single electron analysis makes use of very simple requirements aimed at a reliable identification of the electron and a nearly empty detector else where. If two tracks are detected, their acoplanarity must be between 10° and 160°. The electron energy has to be less than 65 GeV to reject photon conver- sion from c c vvy, when the two tracks are not resolved. The energy of a second electron should be less than 4 GeV, and its acoplanarity with respect to the highest energy electron must be at least 20°. The missing transverse momentum is required to be at least 6 GeV. If a second electron of at least 100 MeV is not detected, the missing transverse momentum must be greater than 10 GeV.
Results
The results obtained at /s = 189 GeV for the ten scalar lepton selections are shown in Table 2 [4] . In this combination procedure, we take into account the overlap among the selections within the data and Monte Carlo sam ples.
The selection efficiencies at Vs = 189 GeV for scalar lepton pair production, as well as the back ground expectations, are reported for different values of AM in Table 3 . Efficiencies vary from 19% to 58% for scalar electrons and from 11% to 36% for scalar muons. In comparison, the scalar tau selection efficiencies are smaller, ranging from 1.4% to 30%.
With the single electron analysis, 13 events are selected in data and 14.0 are expected from Standard Model processes. The transverse momentum distribu tions for the selected data, signal and background Monte Carlo events are shown in Fig. 3 . Signal 
Model independent upper limits on production cross sections
No excess of events is observed and we set upper limits on scalar lepton production cross sections. Exclusion limits at 95% C.L. are derived taking into account background contributions.
To derive the new upper limits on the production cross sections, and for interpretations in the MSSM we combine the 1998 data sample collected at 4s = 189 GeV with those collected at lower centre-of-mass energies.
Assuming a branching fraction for / + ^X^ + of 100%, upper limits are set on pair production cross sections of scalar electrons, muons and taus in the plane M~» versus M,~+ as depicted in Fig. 4 . The efficiency for the selection of scalar electrons includes the /-channel contribution. For scalar elec tron and muon masses below 94 GeV, and AM sufficiently large, cross sections above 0.1 pb are excluded. Owing to the lower selection sensitivity, the corresponding upper limit for the scalar tau cross section is 0.3 pb.
Limits on scalar lepton masses in the MSSM
In the MSSM, with Grand Unification assump tions [21] , the masses and couplings of the SUSY particles as well as their production cross sections, are entirely described [2] Fig. 5a , 5b and 5c the exclusion contours in the -M/± __ plane considering only the react ion e'e ^ZR+ /R and setting /jl = -200 GeV and tan/3 = 72. These exclusions hold also for higher tan/3 and | /x values. For smaller | ¡jl\ values, the /-channel contribution to the scalar electron cross section is reduced, thus reducing by a few GeV the limit on its mass shown in Fig. 5a . The values of /u, and tan /3 are also relevant for the calculation of the branching ratio for the decay / ± -» ± "* XjZ 1 Z + in Fig. 5a-5c . To derive these exclusions, only the purely leptonic decay Z^ -»/ ±x? is con sidered, neglecting any additional efficiency from cascade decays.
Under these assumptions lower limits on scalar lepton masses are derived. From Fig. 5a and 5b scalar electrons lighter than 85.5 GeV, for AM> 10 GeV, and scalar muons lighter than 78 GeV, for AM> 15 GeV, are excluded. Including also the con tribution from the process e+e_->êRêL and using the single electron selection, the very small AM region for the eR can be excluded at 95% C.L. up to M?± = 69.6GeV. This additional exclusion is shown as the dark area in Fig. 5a . From Fig. 5c Scalar tau mass eigenstates are given by t , 2 = tl rcos0lr + tr Lsin0LR, where 0LR is the mixing angle. The production cross section for scalar taus can be parametrised as a function of the scalar tau mass and of the mixing angle [23] , At 0LR ~ 52° the scalar tau decouples from the Z and the cross section is minimal. It reaches the maximum at cosdLR = 1 when the scalar tau is equivalent to the weak eigen state T,1.
The exclusion contours in Fig. 5d Assuming a common mass for the scalar leptons at the GUT scale, this limit holds also for the lightest scalar muon, jlR.
Mass limits on scalar electrons and muons can also be expressed in terms of the M2 and m0 param eters. This is shown in Fig. 7 where exclusion do mains in the M2 -m0 plane are determined in the minimal supergravity framework for Ao = 0, tan/3 = 2 and /> < 0. The exclusion regions in Fig. 7 are obtained by combining scalar electron and muon searches with chargino and neutralino searches [22] , The two contributions are well separated, as the contribution from scalar lepton searches is dominant for m0 < 70 GeV while that from chargino and neu tralino is dominant for m0> 70 GeV.
